Dengue has emerged as one of the most important arboviral diseases affecting mankind and currently about half of the world\'s population is at the risk of infection. It is estimated that dengue occurs in more than 100 countries affecting 50-100 million people each year[@ref1]. The disease has a major socio-economic and public health impact on the countries from where the epidemics are reported[@ref2]. Dengue is transmitted mainly by *Aedes aegypti* and also by *Ae. albopictus* mosquitoes[@ref3]. The control of *Aedes* mosquitoes is the only available strategy to prevent dengue transmission and to decrease the disease burden[@ref4]. *Ae. aegypti*, the principal vector of dengue is highly adapted to all manmade and natural environments and is closely associated with human dwellings[@ref5]. *Ae. albopictus*, is an invasive species, which is able to transmit a large number of arboviral diseases including dengue and chikungunya. The geographical spread of this mosquito is being monitored worldwide with great concern[@ref6].

Unplanned urbanization, the lack of proper waste management and inadequate vector control measures have created favourable conditions for dengue virus and its mosquito vectors in many of the tropical developing countries including India[@ref2]. Initially restricted to urban areas, the occurrence of dengue infections has now spread to the rural areas in India[@ref7]. Surveillance of dengue vectors in northeastern India is important as many cases of dengue are being reported the region[@ref8]. Ovitrap surveillance is a preferred method for monitoring *Aedes* mosquitoes due to low material costs, high sensitivity and the ease of management[@ref9]. The studies on the potential vectors of dengue in Assam have indicated that *Ae. albopictus* is the dominant species in the semi-urban and rural areas[@ref7]. However, the seasonal prevalence of *Aedes* mosquitoes in this part of the country and its relationship with the meteorological parameters are not understood properly.

The armed forces personnel deployed in northeastern India are more vulnerable to the incidence of vector borne diseases such as dengue, malaria, *etc*. due to their patrolling activities and increased exposure to the environment[@ref10]. Sonitpur district of Assam, northeastern India has many military and paramilitary stations including the 4 Corps headquarters and the Air Force station, Tezpur. Hence the studies on dengue vectors and the identification of high risk zones were initiated in Sonitpur district. Yearlong ovitrap surveillance was carried out in the district to estimate the spatiotemporal distribution of the potential dengue vectors, *Ae. aegypti* and *Ae. albopictus*. The spatial distribution of the vectors as indicated by the ovitrap surveys was used for the identification of high risk zones whereas the temporal distribution was studied in relation to the meteorological parameters. The high risk zone identified in the district was validated with the data on dengue incidence during the following year.

Material & Methods {#sec1-1}
==================

*Study areas*: Sonitpur district of Assam, India, is situated on the north bank of the river Brahmaputra. This study was carried out in three randomly selected villages under each of the eight public health centres (PHC) in the district during March 2011 - February 2012. The 24 study villages were namely, Chariduar, Goroimari, Bongaon (Balipara PHC), Borgang, Behali, Helem (Behali PHC), Puthimari, Bihaguri, Baligaon (Bihaguri PHC), Biswanath Chariali, Sootea, Biswanath Ghat (Biswanath Chariali PHC), Belsiri, Sirajuli, Dekhiajuli (Dekhiajuli PHC), Kauri Pathar, Itapara, Gohpur (Gohpur PHC), Jamugurighat, Rangasukua, North Jamuguri (North Jamuguri PHC) Borjuli, Nahoroni and Rangapara (Rangapara PHC).

*Ovitrap surveillance*: Black polyethylene containers (350 ml) with blotting paper taped on the inner walls as the oviposition substrate and filled with 300 ml of water were used as the ovitraps. Ten ovitraps were placed nearby households in each of the selected villages and the larvae were collected twice during each month. The larval density per trap for each PHC was recorded as larval density = number of larvae / number of ovitraps. Season-wise larval density was estimated for pre-monsoon (March-May), monsoon (June-August), post-monsoon (September-November) and winter (December-February). The collected larvae were identified based on standard keys[@ref11]. The district was divided into three risk zones comprising of PHC with high (\>30), medium (15-30) and low (\<15) per trap density of *Ae. albopictus* and *Ae. aegypti* larvae.

*Meteorological data*: The data on maximum temperature (T~max~), minimum temperature (T~min~), morning relative humidity (0830 h; RH~1~), evening relative humidity (1730 h; RH~2~), total rainfall (RF) and number of rainy days (RD) during March 2011 - February 2012 were obtained from the North Eastern Regional Institute of Water and Land Management (NERIWALM), Tezpur, Assam (India). Mean temperature was derived as T~mean~ = (T~max~ + T~min~) / 2 whereas mean RH was derived as RH~mean~ = (RH~1~ + RH~2~) / 2.

*Epidemiological data*: The data on dengue incidence during 2012 were obtained from the Office of the District Malaria Officer, Sonitpur, India.

*Data analysis*: The mean larval density for each PHC was subjected to square root transformation before statistical analyses. Analysis of variance (ANOVA) was used for season-wise analysis of larval densities. Step-wise regression analysis and Pearson correlation were used to derive the relationships between the larval density and meteorological parameters. IBM SPSS Statistics 19 (IBM, USA) software was used for statistical analysis of the data.

Results {#sec1-2}
=======

The ovitrap collections of *Aedes* mosquitoes were almost entirely made up of *Ae. albopictus* (99.3%) whereas *Ae. aegypti* was rarely recorded. The latter was observed in very low densities from the study areas under Balipara PHC of the district. Analysis of the month-wise density of *Aedes* larvae in the study areas indicated that the peak densities (mean number of larvae per trap ± SE) were recorded during September (28 ± 14.4), November (26.2 ± 15.5) and May (15 ± 4.7). There were no larvae observed in the ovitraps across the district during January ([Figure](#F1){ref-type="fig"}). The larval density during pre-monsoon was the highest in areas under Balipara PHC (49.2) and the lowest in areas under Bihaguri PHC (2.75). The density during monsoon ranged from 9.57 (Rangapara) to 37.3 (Behali) whereas the density during post-monsoon ranged from 8.1 (North Jamuguri) to 123.8 (Bihaguri). In winter, the highest larval density was recorded in Dekhiajuli (41.1) while no larvae were collected from Rangapara and Balipara. The peak density of *Aedes* larvae recorded in the study was in Bihaguri PHC during the post-monsoon season. The overall larval density in the district during the pre-monsoon, monsoon, post-monsoon and winter seasons were 24.1 ± 4.8, 19.6 ± 3, 60.1 ± 18 and 7.6 ± 4.9, respectively. The seasonal variations in larval density in the district were significantly different (*P* = 0.005) ([Table I](#T1){ref-type="table"}).
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Seasonal prevalence of dengue vectors in district Sonitpur of Assam, India
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The ranges of the monthly means of maximum temperature, minimum temperature, mean temperature, morning relative humidity, evening relative humidity and mean relative humidity were 21.6 - 34.3˚C, 10.5 - 26.1˚C, 16.1 - 30.2˚C, 67.7 - 85.5 per cent, 37.1 - 72.8 per cent and 52.4 - 78.4 per cent, respectively. The monthly total rainfall and the number of rainy days ranged from 3 to 316.9 mm and 1 to 22, respectively. Maximum temperature was having the highest positive correlation with the vector density (r = 0.45; *P* = 0.01) followed by mean temperature (r = 0.408; *P* = 0.021) and minimum temperature (r = 0.381; *P* = 0.032). Positive but not significant correlations were observed between the larval density, morning relative humidity (r = 0.136), evening relative humidity (r = 0.341), mean relative humidity (r = 0.293), rainfall (r = 0.117) and number of rainy days (r = 0.185) ([Table II](#T2){ref-type="table"}). Step-wise regression analysis between the weather parameters and dengue vector density indicated that the monthly maximum temperature (T~max~) along with the number of rainy days (RD) have relatively high predictive value on the larval density (LD). The expression of larval density in terms of these weather parameters was derived as LD = 1.068 T~max~ - 0.15 RD - 23.359 (R^2^ = 0.385; *P* = 0.001).

###### 

Relationships between the meteorological parameters and the density of dengue vectors in district Sonitpur of Assam, India

![](IJMR-140-278-g003)

Dekhiajuli (45.3 ± 18), Behali (42.1 ± 22.3), Bihaguri (36.9 ± 29.1) and Gohpur (35.3 ± 22.6) had high larval densities of *Aedes* spp., whereas Balipara (20.1 ± 10.4) and North Jamuguri (15.1 ± 5.5) showed medium densities. The lowest vector densities were recorded in Biswanath Chariali (14.7 ± 4.3) and Rangapara (13.2 ± 6.4). Of the 13 dengue cases reported in 2012, 10 (76.9%) were from the high risk zone comprising Behali, Bihaguri, Dekhiajuli and Gohpur PHC. There were two dengue cases reported from the medium risk zone Balipara and North Jamuguri, whereas one case was reported from the low risk zone Biswnath Chariali and Rangapara ([Table III](#T3){ref-type="table"}).
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High risk zones identified and the dengue cases reported in Sonitpur district of Assam, India
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Discussion {#sec1-3}
==========

The epidemics of dengue, transmitted by *Ae. aegypti* and *Ae. albopictus*, are on the rise worldwide especially in the tropical developing countries[@ref12]. The outbreak of dengue in Manipur, northeastern India during 2007 and the subsequent increase in the number of cases show the vulnerability of this region to the disease[@ref8]. The control measures of this mosquito borne disease are largely dependent on the reduction of vector populations[@ref12]. Ovitrap is a rapid, inexpensive and sensitive tool for the monitoring of dengue vectors and is being widely used for mosquito surveillance, spatial distribution studies and for the evaluation of the efficacy of control measures[@ref13]. In the present study, ovitrap surveys throughout the year for the monitoring of dengue vectors were carried out. The PHCs of Sonitpur district were taken as the sampling units as the larval density of dengue vectors could be correlated with the dengue incidence reported from each PHC in case of future outbreaks.

The transmission of mosquito borne diseases is climate sensitive as the mosquitoes need water to breed and ambient temperature is critical to the larval development and the feeding behaviour of adults[@ref14]. As per the theoretical models, the transmission patterns of dengue are influenced by temperature and precipitation[@ref15]. Temperature affects the egg viability, larval development, adult longevity and dispersal, whereas rainfall affects the abundance and productivity of the breeding habitats of *Aedes* mosquitoes[@ref16]. The temporal dynamics of *Ae. aegypti* populations in San Juan City, Puerto Rico was found to be positively associated with rainfall and temperature[@ref17]. Ovitrap surveys in northern Sri Lanka revealed a significant positive correlation between *Aedes* density and rainfall[@ref18]. The increase in mosquito density and the number of dengue cases in Manipur, northeastern India were attributed to the significant changes in rainfall, temperature and relative humidity between 2000-2004 and 2005-2008[@ref8]. A temperature range of 18-33.2°C is considered to be ideal for the transmission of dengue fever and the frequency of feeding increases with temperature[@ref19]. The increase in temperature has been found to augment dengue incidence in many countries including Thailand, Indonesia and Mexico[@ref20].

The analysis of the seasonal pattern of dengue vector density in the study areas indicated that high densities occur during September-November (post-monsoon), which received 183.1 mm of total rainfall. This could be attributed to the availability of breeding habitats such as plant axils, bamboo stumps and discarded coconut shells, which are filled with water after the rains. However, the larval density was relatively low during the monsoon as heavy rains during this period (643.6 mm) were detrimental to the larval breeding in the container habitats. Hence, vector control measures should be intensified after the monsoon rains so as to prevent probable disease outbreaks. The density of dengue vectors was very low during the winter due to low temperature and drying up of the container habitats. All weather parameters studied, including temperature, relative humidity and rainfall were observed to be positively correlated with the dengue vector density. Maximum temperature had the significant positive correlation with the *Aedes* populations, whereas the number of rainy days rather than the total rainfall was positively correlated with the larval density. Maximum temperature and the number of rainy days accounted for 38.5 per cent variability in dengue vector density in the district.

Dengue vector surveillance could be improved by *Aedes* larval sampling methods and by the estimation of the spatial distribution of larvae[@ref21]. In the present study, the larval density of dengue vectors was used for the estimation of the risk of disease transmission in Sonitpur district. The high risk zone (Dekhiajuli, Behali, Gohpur and Bihaguri PHC) was validated by the dengue incidence data during 2012. The majority (76.9%) of the cases reported during the year were from the high risk zone. Surveillance for probable detection of dengue infections, monitoring of vector activity and initiation of vector control measures should be ensured so as to prevent disease transmission in the high risk zones. The medium risk zone (Balipara and North Jamuguri PHC) had 15.4 per cent of the dengue cases, whereas the low risk zone (Biswanath Chariali and Rangapara PHC) had 7.69 per cent of the cases. In the medium and low risk zones, the proliferation of dengue vectors could be prevented by reducing the availability of water-holding containers suitable for mosquito breeding.

The relationships established between the weather parameters and the abundance of dengue vectors in the study areas could provide valuable inputs for the development of a decision support system for dengue in northeastern India. Further studies are needed in other parts of the region to understand the seasonal prevalence of *Aedes* mosquitoes and the factors contributing to their distribution and abundance. The identification of dengue risk zones in Sonitpur district was based solely on the larval density of the potential dengue vectors. However, disease outbreaks depend on factors such as the source of infection, climate and a susceptible human population apart from vector density[@ref14]. As dengue cases are being reported from Assam and other parts of northeastern India, there is a need to identify high risk zones so that future outbreaks could be avoided by targeted interventions.
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